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Indian Standard 

MANUAL ON BASIC PRINCIPLES OF 
LOT SAMPLING 

( Second Revision ) 

0. FOREWORD 

0.1 This Indian Standard { Second Revision ) was adopted by the Indian 
Standards Institution on 30 June 1981, after the draft finalized by the Quality 
Control and Industrial Statistics Sectional Committee had been approved by 
the Executive Committee. 

0.2 From the early days of industrial production, producers have tried to 
maintain uniformity in man, machine, raw materials and other factors 
influencing the process of manufacture with the hope of turning out products 
of uniform quality. But none of these is infallible and cases of irregularity 
creep into the production processes inadvertently. Controlling the quality 
of products, so as to maintain it at a given level and within specification 
limits, is a major problem with all producers. To assist the producers in 
tackling such problems in a scientific manner, IS : 397 ( Part 1 )- 1 972* and 
IS: 397 (Part II )-[975t were published, which outline the control chart 
method of controlling quality during production. 

03 Similarly, inspection of lots of products, so as to get assurances about 
their quality, is a vital problem with the consumers. With phenomenal 
increase in the manufacturing capacity due to the machine-age, inspection 
of each and every unit of production becomes extremely uneconomical. In 
many cases, like those involving destructive or costly testing, inspection of 
each and every unit is not to be conceived at all. The only alternative 
method available in these cases is sampling inspection which consists in 
selecting a smaller number of units, called a sample, from the lot or the 
production and then deciding about the quality of the latter on the basis of 
the results obtained from the inspection of the sample units. The sampling 
inspection is generally more practical, quick and economical. 

0.4 The standard was originally issued in 1 960 and revised in 1 969, with a 
view to acquainting the producers and consumers with the concepts and 



•Method for statistical quality control during production: Part I Control charts 
for variables ( first revision ). 

fMethod for statistical quality control during production: Part II Control charts 
for attributes and count of defects ( first revision ). 
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principles of sampling inspection. In view of the experience gained with the 
use of the standard in course of years, it was felt necessary to revise it 
again so as to make the concepts more up-to-date and also to include some 
more useful material. It is hoped that this manual will continue to contri- 
bute towards the increased use of sampling plans by consumers for judging 
the acceptability of their purchases and by manufacturers for purposes of 
improving the quality of their products. 

0.4.1 Besides, this manual is also expected to be of assistance to various 
committees of ISI in familiarizing them with the concepts and principles of 
sampling and evolving sampling plans suited to individual specifications. 

0.5 In this manual, refinements in statistical theory and advanced sampling 
techniques have been avoided and the principles of sampling have been 
simplified, so as to make them practicable to a great extent. Particular 
emphasis is laid on the interpretation of the data resulting from sampling in 
the problem of estimation of lot quality and lot acceptance, although many 
of the concepts and definitions, principles of sample selection, etc, are 
equally applicable to problems connected with process control, industrial 
design of experiments and so on. 

0.6 This manual is one of a series of Indian Standards pertaining to 
techniques of statistical quality control. Other standards in the series are 
given on Page 57. 

0.7 In preparing this manual, considerable assistance has been derived 
from a draft manual compiled by Dr A. Matthai of the Indian Statistical 
Institute and also from the following publications: 

Pearson ( E S ) and Hartlfv (HO), Ed. Biometrika tables for statis- 
ticians. Vol I, Ed 2. Cambridge University Press, London. 

Rao (CR), MiTRA (SK) and Matthai (A). Formulae and tables 
for statistical work. Statistical Publishing Society, Calcutta. 

Sampling plans in ASTM specifications — A report of a preliminary 
survey conducted by task group 41 of ASTM Committee E-1 1 on 
quality control of materials. 

Jackson ( J E) and Ross (EL). Extended tables for use with the 'G' 
test for means. Journal of the American Statistical Association. 
Vol 50, 1955. 

Dodge ( H F ) and Romig ( H G ). Sampling inspecrion tables. 1959. 
John Wiley & Sons Inc, New York. 

0.8 In reporting the results of a test or analysis, if the final value, observed 
or calculated, is to be rounded off, it shall be done in accordance with 
IS : 2-1960*. 



•Rules for rounding off numerical values ( revised). 
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1. SCOPE 

1.1 This manual explains the various statistical concepts underlying sampl- 
ing inspection and lays down some of the basic principles of sampling lot by 
lot. 

1.2 This manual deals with sampling inspection techniques as a means to 
solve two types of problems, namely, (a) estimation of lot quality, and 
(b) lot acceptance. 

13 Specific procedures necessary for sampling a particular material giving 
details of sampling implements, methods of preparing specimens, etc, arc 
not covered in this manual. 

2. TERMINOLOGY 

2.0 For the purpose of this manual, the following definitions shall apply. 
The symbols used in this standard, including those for some of the terms 
defined below are explained in Appendix A. 

2.1 Hundred Percent Inspection ( or Screening ) — Inspection in which all 
the ' items ' in the ' lot ' are insjjected. 

2.2 Sampling Inspection — Inspection in which only a portion of the ' lot ' is 

inspected. 

2.3 Item — Ultimate unit of product or material on which inspection will be 
p)erformed. 

In most of the cases, an item consists of a single discrete article which 
can be defined without difficulty; but, in the case of materials which take 
continuous form, such as cables or which are available in bulk, such as iron 
ore, no separate or discrete units are ordinarily provided and in such cases it 
would be necessary to give an unambiguous definition of the ultimate 
inspection unit. 

2.3.1 Discrete Item — The single integral unit of product which when 
physically partitioned ( broken down, disassembled, etc ) cannot be used as 
originally intended, for example, bolt, nut, nail, brick, etc. 

Sometimes, a discrete item may be a more complicated unit, built up of 
different smaller units or parts each .with different properties, for example, 
hinge, shoe, electrical lamp, ball bearing, etc. 

2.3.2 Item for Continuous or Bulk Material 

23.2.1 When a material is extruded, drawn, rolled or woven and 
assumes a continuous form, it may be conveniently possible to define an 
item as a specimen of specified length ( as in the case of tubes, wires or 
cloth ) or as a specimen of specified area ( as in glass or metal sheets ). 
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2.3.2.2 When the material ( solid, liquid or gas ) is available in bulk 
form ( for instance, coal, iron ore, sand, asphalt, paint, chlorine or 
ammonia ), the item is defined as a relatively small portion of specified 
weight or volume of the bulk. Such an item defined for the bulk may 
consist of one or more of what are sometimes called increments. 

2.3.2.3 Items defined for continuous and bulk materials would be 
similar to discrete items and treated similarly in many respects. There is, 
however, one main difference that such items may be combined together or 
further partitioned, broken down, etc, physically without altering the 
characteristics of the material. In view of this, the determination of the size 
of the item, which should not be arbitrary, becomes important in the case of 
continuous and bulk materials. 

2.4 Package — Usually a rational or homogeneous unit containing one or 
more items as defined in 2.3. 

Materials and products are sometimes put into packages at the time of 
collection from the source or at the manufacturing plant, for example, bale 
of wool, tin of paint, bag of cement, box of nails, etc. A package could 
itself be an item under certain circumstances ( see 5.3.5 ). 

2.5 Lot — A batch, a group, a continuous stream or a bulk of product or 
raw material submitted for inspection. 

A lot may be a shipment, a consignment, a delivery or a portion of them. 
A lot may be a rational group, such as material from one heat or batch, or 
may be a mixture of several of these. A lot is viewed as an aggregate of 
items. 

2.5.1 Item-Lot — An aggregate of ' Discrete Items ' or an aggregate of 
' Items ' of continuous or bulk material which have been rendered discrete in 
the form of specimens or increments, for example, batch of screws turned 
out by a machine, steel rails produced in a day, pieces of 6-metre length of 
rayon, consignment of 5-litre tins of lacquer, etc. 

2.5.2 Bulk-Lot — A lot not characterized by a similar ' Discrete Items ' 
but presented in the form of continuous or bulk material, for example, coal 
or iron ores in a ship's hold(s), sand or lime in rail wagon(s), roll(s) 
of cables, etc. 

2.5.3 Homogeneous Lot — A lot consisting of product or material turned 
out by a process in state of control. 

Homogeneity of a lot is to be understood as uniformity of product or 
material within the lot. Products and material from even a controlled 
process will not be identical or perfectly uniform. Thus, perfectly homo- 
geneous lots rarely occur in practice. Different lots may differ in degree of 
homogeneity. 

% 
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2.5.4 Lot-Size — Number of ' Items ' in a ' Lot '. 

2.5.5 Sub-lot — Sub-division of a ' Lot *. 

For considerations of economy in inspection or efficiency of sampling, a 
lot may be divided into sub-lots, if possible. This division into sub-lots 
may be carried on to two or more stages as well; but, inference is normally 
made about the lot as a whole and not about each sub-lot. 

2.6 Sample-Unit — Unit in terms of which the selection is made. 

A sample-unit is generally an 'Item'. In some situations, a 'Package' 
or a ' Sub-lot ' may be a sample-unit. In the case of bulk material, the unit 
in terms of which the selection is made is sometimes called an increment. 

2.7 Sample — Collection of all ' Sample-units ' ( generally items ) selected 
from a ' Lot '. 

Usually the sample would contain a number of ' Sample-units ' ( two or 
more ). Sometimes, the word sample is used to refer to ' Sample-unit '; 
this is not recommended unless the sample consists of one ' Sample-unit ' 
only. 

2.7.1 Gross Sample — The aggregate of all ' Items ' ( increments ) selected 
from a single bulk-lot or a sub-lot. 

2.7.2 Sample Size — The number of ' Sample-units ' in the ' Sample ' 
( generally the number of ' Items ' in the ' Sample ' ). 

2.8 Sampling Error — Error due to sampling in the inference about a ' Lot '. 

The manner in which a sampling error is constituted will differ from 
problem to problem. Thus, in the problem of estimating lot quality, 
sampling error will be the deviation of the sample estimate from the actual 
value of lot quality; in the problem of lot acceptance, accepting a bad ' Lot ' 
or rejecting a good ' Lot ' on the basis of a • Sample ' may be considered as 
error due to sampling. 

2.9 Sampling EflSciency — The efficiency of a sampling procedure as judged 
from the ' Samphng Error ' involved, whatever be the way in which the 
' Sampling Error ' is defined and measured. 

The smaller the ' Sampling Error ', the more efficient the sampling will 
be. Efficiency of sampling, so conceived, does not take into account the cost 
of samphng. 

2.10 Sampling Plan — A statement of the sampling procedure and the rule 
for making inferences about the ' Lot '. 

It will provide the definitions of lot, sample unit, sample size, method of 
sample selection and criteria for inferences, so as to satisfy specific 
stipulations. 
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2.11 Quality — Any characteristic, that is of interest, of a product or 
material. A product or material may be described, specified or inspected in 
terms of one or more quality characteristics. 

2.12 Defective Item — An ' Item ', the quality of which does not meet 
specified requirements. 

2.13 Defect — Failure to meet the requirement imposed on an ' Item ' with 
respect to a single characteristic. 

The defects appearing in each ' Item ' ( for one or more characteristics ) 
are usually counted. Thus, there may be none, one or more defects in an 
' Item '. Defects arc sometimes classified into critical defects, major defects 
and minor defects, depending on the extent to which they may cause 
damage. ( When the number of defects in an ' Item ' exceeds a specified 
limit, the ' Item * turns out to be defective ). 

2.14 Observation — The value of a characteristic determined as a result of an 
inspection or test. 

2.15 Sample Average ( 5 ) — Sum of the observations divided by the 
number of items in the sample. 

2.16 Lot Average ( /i ) — Sum of the observations on all items divided by the 
total number of items in the lot. 

2.17 Sample Standard Deviation (s) — The square root of the quotient 
obtained by dividing the sum of squares of deviations of the observations 
from their mean by one less than the number of observations in the 
sample. 

2.18 Lot Standard Deviation ( o ) — The square root of the mean of the 
squares of the deviations of all observations in a lot from their mean. 

2.19 Range (R) — The difference between the largest and the smallest 
observations or test results in a sample. 

2.20 Coefficient of Variation ( v ) — The absolute value of the ratio of the 
standard deviation to the average. Sometimes, the coeflBcient of variation is 
also expressed as a percenUge by multiplying this ratio by ICO. 

3. CLASSIFICATION AND SPECIFICATION OF QUALITY 

3.1 Classification of Quality — Quality characteristics are broadly classified 
into the following three types, according to the method of inspection: 

a) Attributes, according to which each item inspected is classified into 
either of the two categories depending upon presence or absence of 
the characteristic(s ): 

10 



Examples: 

Attributes 

i) Colour of sugar 

ii) Existence of blow-holes 

iii) Conformity of bolt dia- 
meter to the specification 

iv) Grain size 



Category 1 
White 
With holes 
Conforming 

Passing through the 
sieve of specified 
size 
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Category 2 
Not white 
Without holes 
Not conforming 

Not passing through 
the sieve of speci- 
fied size 



b) Count of defects, according to which the number of defects on each 
inspected item is counted, such as the number of blisters/bubbles on 
test tubes, number of end-breaks per unit length of yarn, etc. 

c) Variables, according to which each item inspected gives rise to a 
measurement of a characteristic on a continuous scale, such as the 
tensile strength of steel wires, specific gravity of paint, etc. 

3.1.1 Variables type and count of defects type of data can be converted to 
attributes type of data with the help of any specification on the measurable 
characteristic or limit on the number of defects. Thus, a bolt of diameter 
11 "5 mm would be classified as 'good' if the specification stipulates a 
minimum diameter of 1 1'O mm or a copper sheet having no defect would be 
classified as ' good ' if the specification stipulates a maximum of one defect. 
However, it may be noted that any such conversion of the variables or 
count of defects type of data to the attributes type results in a certain loss of 
information. 

3.2 Specification and Measures of Quality 

3.2.1 Whether it is a lot or a sample that is subjected to inspection, 
ultimately the inspection is performed on the item. TTius, the lot quality and 
sample quality could be regarded as built out of item quality. 

3.2.2 Item Quality — When item quality is of the attributes type, it 
is specified by means of a standard specimen or in terms of specification 
limits or as a result of some tests. For example, a phial of sugar with 
certain whiteness for inspecting colour of sugar, or a pair of ' Go ', ' No-Go ' 
gauges corresponding to tolerances for the diameter of bolt or the presence 
of negative or positive reaction for testing the genuineness of honey by 
Fiehe's test or passing or failing of heating elements in high voltage test. 

3.2.2.1 When the item quality is of the count of defects type, only 
an upper limit is specified. For example, the number of dead pin knots per 
face of plywood panel should not be more than 4. 
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3.2.2.2 When item quality is of the variables type, it is specified in 
terms of limit values. Depending on the quality characteristic, there will 
ordinarily be either only one ( lower or upper ) or two ( lower and upper ) 
specification limits. For example, it may be specified that the moisture and 
volatile matter in shaving soaps should not be more than 12 percent by mass, 
the elongation percent of aluminium conductors should not be less than 25; 
nicotine content in cigarettes should be between 1 and 3 5 percent. 

3.2.3 Lot Quality — Whichever be the type of item quality ( attributes, 
count of defects or variables ), the corresponding lot quality can be describ- 
ed in terms of the percentage ( or fraction or number ) or defective itenjs in 
the lot. 

3.2 J.1 When the item quality is of the attributes type, the only measure 
of lot quality is the percentage defective. 

3.23.2 When the item quality is of the count of defects type, the lot 
quality can also be expressed in terms of number of defects per item or for 
100 items. , 

3.23J When the item quality is a variable and measured, the lot 
quahty can also be expressed in terms of either one or both of the following: 

a) The average value of the variable characteristic among the items in 
the lot ( arithmetic mean is a common average ). 

b) The variability of the characteristic among the items in the lot 
( standard deviation is a common measure of variability ). 

3.2.4 Sample Quality — So far as a sample, like a lot, contains more than 
one item, sample quality will be judged from the quahty manifestations of 
the different items constituting the sample. Corresponding to each of the 
lot quality measures described in 3.2J, there will be a sample quality 
measure. Thus, for attributes type of item quality, a sample percentage 
defective is invariably used. For count of defects type of item quality, 
sample quality would be the average count of defects of all the items in the 
sample. For variables type of item quality, sample quality would be either 
one or both of : ( a ) average quality of the items in the sample { arithmetic 
mean ), and ( b ) variability of the quality of the items in the sample 
( standard deviation; the range is also used as a simpler substitute for 
standard deviation in the case of sample quality ). The sample percentage 
defective is also a possible measure of lot quality when item quality is 
a count of defects or measurement, but is not efiScient. 

3.2.4.1 It should be noticed that lot quality and sample quality are 
always expressed quantitatively, while item quality can be either qualitative 
or quantitative. 

12 
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4. SAMPLING INSPECTION 

4.1 Comparison of Hundred Percent Inspection and Sampling Inspection 

4.1.1 The merit of sampling consists in the fact that inspection of a 
sample of relatively small size taken from a lot would enable one. with 
considerable economy and accuracy, to make an inference about the lot. 
A brief comparison of the relative advantages and disadvantages of hundred 
percent inspection and sampling inspection may be enumerated as follows: 



Hundred Percent Inspection 

a) Total cost of inspection per 
lot is high, sometimes prohi- 
bitive, if the test or analysis 
involved is costly. 

b) Quite time consuming, if the 
lot size is large. 

c) Generally not feasible due to 
limitations of skilled person- 
nel, complex instrumentation, 
etc. 

d) More handling damage during 
inspection. 

e) Complete accuracy of infer- 
ence is seldom attained due 
to inspection errors arising 
out of fatigue, negligence, 
difficulty of supervision, etc. 

f) Not feasible when the inspec- 
tion involves destructive tests 
( for example, testing life of 
wireless tubes, breaking 
strength, combustibility of 
material, etc ). 

g) The supplier has little incen- 
tive to improve his products, 
since only defective items are 
rejected and sent back to him 
for replacement. 

h) The method available when 
no risk or error due to sampl- 
ing can be taken ( such as 
inspection of critical parts, 
safety devices, etc ). 



Sampling Inspection 

Total cost of inspection per lot is 
low. Hence, more characteristics 
on each item could be studied. 



Decisions can be arrived at quickly. 
Generally feasible. 



Less handling damage during 
inspection. 

Inspection can be organized and 
controlled more efficiently. 
Reasonable accuracy of inference 
is possible. Also measure of 
sampling error can be obtained. 

Only method possible when the 
inspection involves destructive 
tests. 



Because of the small ( known ) 
percentage of defectives that has 
to be permitted, the producer 
has incentive to improve the 
quality of his supplies. 

Some risk ( measurable ), due to 
sampling error, will have to be 
tolerated. 
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4.1.2 On the whole it would be seen that sampling inspection has many 
more advantages and has wider practical applications in industry as compar- 
ed to hundred percent inspection. However, when hundred percent inspec- 
tion becomes inevitable { in cases where incoming quality is either inferior to 
the desired quality or less than the ratio of cost of inspection per item to the 
cost of defective item being accepted ), it is advisable to superimpose a 
sampling inspection, so as to check the efficacy of hundred percent 
inspection. 

4.2 Inspection by Attributes or Variables 

4.2.1 When the items are inspected for their quality and results are 
expressed as attributes, the procedure is called ' Sampling Inspection by 
Attributes *. For further details, see IS : 2500 ( Part I )-1973*. 

4.2.2 When the items are inspected for their quality and results are 
expressed as count of defects, the procedure is called ' Sampling Inspection 
by Count of Defects '. For further details, see IS : 2500 ( Part I )-1973*. 

4.2.3 When items are inspected for their quality and results are expressed 
in terms of units of measurement on a continuous scale, the procedure is 
called ' Sampling Inspection by Variables '. For further details, see IS : 2500 
(PartII)-1965t. 

4.2.4 Comparison of Inspection by Attributes and by Variables — When a 
choice between attributes inspection and variables inspection is relevant, as 
when a characteristic can either be measured or gauged, the following are 
some of the important considerations providing a basis for the appropriate 
choice [ see also 3 of IS : 2500 ( Part II)-1965t ]: 

Attributes Inspection Variables Inspection 

a) Since the inspection is performed Since the inspection is done by 
either visually or by gauging, the measurement and the observa- 
costof inspection per item is low. tions may also have to be 

recorded, it involves more time 
and labour The cost of inspec- 
tion per item is, therefore, more. 

b) For the same degree of efficiency For the same degree of efficiency 
in inference made about the lot, in inference made about the lot, ' 
more items need be inspected. less items need be inspected. 



•Sampling inspection tables: Part 1 Inspection by attributes and by count of defects 
( first revision ). 

tSampling inspection tables: Part II Inspection by variables for percent defective. 
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c) Computation of sample quality 
from item quality is less compli- 
cated. 



e) 



f) 



Computation of sample quality 
from item quality is more 
complicated. 



d) Inspection may be slightly sub- Inspection is more objective and 
jective, especially in respect of minimizes the possibilities of 
visual characteristics. misclassification. 



More broad based and has 
applications. 



wider 



More than one characteristic can 
be considered at a time, finally 
resulting in classification of the 
item as defective or non-defec- 
tive, for example, diameter, length 
or thread of a bolt may be consi- 
dered in classifying an item as 
defective or non-defective. 



Based on assumption that the 
characteristic under considera- 
tion has a normal distribution. 

Only one characteristic can be 
taken into account at a time. 



5. PRINCIPLES OF SAMPLE SELECTION 

5.1 Sampling Eiror — The logic of sampling is that of generalizing from a 
portion about the whole; on the basis of evidence gathered from a sample 
drawn from a lot, an inference is made about the lot. Sampling then is a 
short-cut method for investigation of lots and naturally offers considerable 
economy in time and labour. Against this saving, however, is the error 
characteristic of all generalizations. The nature of this error would be 
different for different problems. Since a sample constitute only a part of 
the lot, many samples can be drawn from a lot. These samples may differ 
from one another with regard to the inference about the lot. Such differen- 
ces constitute sampling errors. 

5.2 Factors Affecting Sampling Error — If the lot consists of identical 
items there will not be any sampling error whatever be the size of sample, 
and obviously a sample consisting ofa single item would be the most econo- 
mic choice. Further, if the sample exhausts the entire lot, there is no question 
of sampling error even if there is. variation from part to part. When, how- 
ever, either of these is not the case, the sampling error will depend on the 
degree of homogeneity of the lot as well as the relative size of the sample. 
The more the homogeneity in the lot or larger the size of the sample, the 
smaller would be the sampling error. The method of sample selection also 
contributes to sampling error. 
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53 Methods of Sample Selection 

53.1 Bias in the Selection of Sample Units — Bias in the selection of 
sample units can considerably affect the sampling efficiency. Such bias in 
sampling can generally arise in the following ways: 

a) Certain positions in the lot may be given preference, with the result 
that bias in sampling will be introduced if the position of items in 
the lot is not independent of the item quality. For example, good 
articles may be more at the top in a container; machined parts 
coming out of lathe, at different intervals of time, may differ in 
dimensions due to tool-wear; and larger particles may be at the 
bottom in a conical heap of sand dropped from a chute. 

b) Because of the existence of variability in item quality, a selection 
procedure may be such as to give preference for certain item 
qualities. For example, an inspector may be able to spot defectives 
quickly and may be inclined either to collect more of them or avoid 
them in the sample. 

c) Certain short cut methods for collection of sample or ignorance on 
the part of the sampler may also lead to a biased sample. For 
example, in sampling loaded wagons of iron ore, the samples collec- 
ted from the top surface only may render the sample unrepresenta- 
tive, or in picking articles from the container more of the bigger 
ones which have a higher value of the characteristic under consi- 
deration may be selected. 

A method of sample selection which avoids bias is random sampling, 
which is basically assumed in the theory of sampling for the ultimate selec- 
tion of the sampling unit. 

53.2 Random Sampling — A random sample may be defined as the sample 
drawn in such a manner that the chance for inclusion of any item in the 
sample is predetermined. Such a chance is independent of the quality of 
the item and is also independent of the quality of other items selected for 
the sample. When the chance for inclusion of any item in the sample is 
same, it is referred to as simple random sample. The procedure to collect 
a proper simple random sample is to use some mechanical device or its 
equivalent which will eliminate bias in selection. For instance, the items in 
the lot might be serially numbered and a device like the wheel of chance 
used or each number be represented on different cards which are shuffled 
well and the requisite number of cards selected blindly, thus providing the 
serial numbers of items which form the sample. Alternatively, a table of 
random numbers, for example, the one given in IS : 4905-1968* may be 
used. Practicable schemes of any randomizing procedure may be devised 



•Methods for raDdom sampling. 
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to suit the configuration of the lot, other physical circumstances, the item 
quality, the inspection operation, etc. 

5.3.2.1 Approximation to random selection — From the practical point 
of view, it may be diflScult to arrange for ideal randomization in many cases. 
With respect to certain bulk lots, such as those composed of materials like 
liquids or powders, it may be possible to stir or mix the lot thoroughly and 
then the requisite number of sample units may be selected blindly to obtain 
a sample as good as a random sample. In other situations, the following 
general rule of selection is recommended which results in a close approxima- 
tion to random selection. 

Select sample units blindly from all parts of the lot. For this, the lot 
should be presented in such a way that the inspector has access to all parts 
of the lot. The position from which units are selected within any part 
should also be varied from part to part. 

53.3 Systematic Sampling — When the items are presented in an orderly 
manner, it is quite convenient to select sample unit systematically at regular 
intervals of position or time. Initially, one item is chosen from the lot at 
random and, thereafter, items are selected regularly at pre-determined inter- 
vals till the requisite number of sample items are collected. In practice, 
this method has been found to be quite a good approximation to random 
sampling described in 5.3.2. 

5.3.4 Stratified Sampling — When a lot consists of items which can be 
divided into a certain number of more homogeneous groups or sub-lots or 
strata, the method of stratified sampling becomes the obvious choice. 
According to this method, each sub-lot or stratum is sampled separately, 
so as to obtain a sample representative of the entire lot. It has been found 
that the sample obtained by this method of sampling is generally more 
efficient than a simple random sample ( of the same size ) drawn from the 
entire lot in the sense that sampling error will be less in the former case. 
The more the homogeneity of the sub-lots, the more eflicicnt would be the 
plan. When the sub-lots are of the same size, the proportional allocation 
of sample size to different sub-lots becomes very simple. Even though 
there is no prior information for dividing a lot into sub-lots on the basis of 
the homogeneity of the sub-lots, this sub-division is adopted for assisting 
in the collection of a representative sample from the lot. It is precisely for 
this reason that sub-division principle is being widely followed in the 
sampling of all ores and raw materials. 

5 J.5 Sampling in Stages — There are situations in which the lot is presen- 
ted in a large number of sub-lots or packages in which neither a random 
sample of items from the entire lot nor a proportional sample of items from 
each and every sub-lot or package may be feasible. For example, in the 
case of a lot containing packages it would often mean the opening of all 
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the packages or, alternatively, mixing the items in the packages together 
before selecting the items. The cost of locating, opening and sampling of 
packages is generally many times that of inspecting an individual item, 
making it necessary that the maximum number of items from the minimum 
number of packages should be inspected, without, of course, losing sight of 
the sampling efficiency. In such cases, instead of sampling from all the 
packages, a random sample of packages is first chosen and from each package 
selected a random sample of items proportional to size of the package is 
chosen. This procedure may be extended to more than one stage. For 
example, high permeability nickel iron is delivered in rolls weighing several 
thousand kilograms. A primary sample-unit will be a heat, a secondary 
sample-unit will be a roll and a tertiary sample-unit will be a specimen 
( item ) from within a roll. Again in the case of coal, a primary sample- 
unit may be the mine; a secondary sample-unit, a truck-load; and a tertiary 
sample-unit, an increment from the truck-load. 

53.6 Different methods of sample-unit selection have been suggested in 
the foregoing section to suit different situations. For a more exhaus- 
tive discussion on the relative merits and demerits of all these methods as 
also some others, see IS : 4905-1968*. However, in this manual, for 
purposes of making inference dealt with in 7 and 8, no distinction will be 
made between samples on account of differences in method of selection of 
sample-units; samples of the same size, whatever be the way in which the 
units in it have been selected, will be considered similar and equivalent to 
the simple random sample that can be obtained from the lot. 

6. PLANNING SAMPLE SELECTION 

6.1 Preliminaries to Sample Selection — In order that the assumptions in 
sampling theory are not invalidated and that the maximum possible sampling 
efficiency is achieved, proper planning of sample selection is necessary. For 
planning purposes, as much information about the lot { such as the nature 
of items and the quality characteristics ) as available prior to inspection of 
the items will be useful. The important preliminaries to sample selection 
are: 

a) Statement of the type of inference or decision desired, whether 
assessing lot quality or lot acceptance; 

b) Defining as to what forms the lot and the size of the lot ( see 6 J ); 

c) Choice of the sample unit, including determination of its size in the 
case of bulk material ( see 63 ); 

d) The size ( the number of items ) of the sample to be taken from the 
lot ( see 6.4 ); 



•Methods for random sampling. 
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e) Method of sample selection ( see 5.3 ): 

f) Choice of item quality ( specifying a non-defective item, if relevant ); 

g) Choice of lot quality (specifying an acceptable lot, if relevant); 
and 

h) Criteria to be used for making the inference ( see 7 and 8 ). 

The next step would be to provide a sampling plan to suit the purpose 
in view. In order to provide a sampling plan, some stipulations as regards 
the permissible limits of errors in inference due to sampling will be necessary. 
The nature of stipulations will be different for different types of inference, 
whether assessing lot quality or lot acceptance. 

6.2 Formation of Lots 

6.2.1 Formation of lots will have to be planned with respect to the 
following: 

a) Type of lot ( stationary lot or moving lot, item-lot or bulk-lot ); 

b) Size of the lot; 

c) Homogeneity of the lot, and of sub-lots; and 

d) Identity of lots and accessibility to items in the lot. 

6.2.2 Stationary and Moving Lots — From a stationary lot, in which the 
items are presented simultaneously, all the sample items may be obtained at 
one time. In a moving lot, as the lot flows past the point of inspection 
one or a few items at a time are selected. In many situations stationary 
lots offer advantages over moving lots, since their identification and disposi- 
tion are easy and they admit re-sampling and sequential sampling. However, 
they create stacking-space problem, especially when the items within are to 
be made easily accessible. But in sampling bulk materials, like coal, 
grains, molten metal, etc, it is often more convenient to sample while the 
material is in motion. 

6.2.3 Size of Lot — The general rule in the formation of lots is to make 
the lot size as large as possible provided that a reasonable degree of homo- 
geneity is maintained. This is recommended because, for any given degree 
of efficiency of sampling and for the same degree of homogeneity in the lot, 
the size required for the sample will not increase as rapidly as the lot size 
and will not increase after a certain size for a lot {see also 13 and 8.U ). 
Thus, a sample of 300 items from a lot of 10 000 items will be more 
efficient than a sample of 100 items from a lot of 1 000 and will be almost as 
efficient as a sample of 300 items from a lot of 100 000 items. This means 
that the cost of inspection per item submitted for sampling inspection will 
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be much less if the lot handled is larger in size. But the size of the lot will 
have to be limited on account of the following factors: 

a) The formation of larger lots may result in the inclusion of items 
differing more widely in quality; 

b) The production or supply of material may be such that the accumu- 
lation of large lots will be over a long period; 

c) Due to storage and handling difficulties, very large lots will not be 
feasible; and 

d) The economic consequence of rejection of larger lots because of the 
cost of scrapping, the cost of detailed inspecting or the cost of 
reworking them. 

In forming a lot, therefore, a compromise will have to be made in 
respect of its size. 

6J2.4 Homogeneity of Lots — As the efficiency of sampling depends on the 
degree of homogeneity of the lot, efforts should be made not to have a 
mixed lot as far as possible and to confine the lot to material or products 
originating from essentially similar conditions, such as raw materials or 
components of the same source, products manufactured by the same 
production or assembly line or moulds or patterns, items produced from a 
single batch or from one setting of the machines during the same day or 
shift, etc. Product or material coming out of a process under statistical 
control forms homogeneous lots [ see IS : 397 ( Part I )-1972* and IS : 397 
( Part II )-1975t ]. When, however, sub-lots from different sources are 
combined to form a lot, as far as possible, the identity of the sub-lots should 
be preserved, so that efficient stratification can be achieved. 

6 J.5 Accessibility of Item in the Lot — It is also important from the point 
of view of convenience of inspection that the lot is easily identifiable and is 
in the form that the inspector will have easy access to all parts of the lot to 
select the representative sample. 

63 Detenninationof Sample-Uait (Item ) Size 

6^.1 While the item, which is the ultimate sample-imit is clearly defined 
in item-lots, the determination of the item size ( such as the weight or 
volume of the increment, or the length or area of a specimen ) in bulk-lots 
presents certain problems. In the case of bulk-lots, usually larger the size 
( area, volume or weight ) of the item, greater would be the sampling 

•Method for statistical quality coatrol during production: Part I Control charts for 
variables ( first revision ). 

tMethod for statistical quality control during production: Part II Control charts for 
attributes and count of defects (first revision ). 
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efficiency; but beyond a certain size of the item, the rate of gain in sampling 
efficiency may be negligible. Besides, from practical considerations, the 
large size of the increment for bulk products like iron ore, coal, etc, may 
also pose problems like limitations of manual sampling, introduction of 
errors due to crushing, etc. However, if samphng efficiency is the only 
criterion for determining the item size, then that size, beyond which the rate 
of gain in efficiency would be very small, may be taken as the appropriate 
item size. 

6.3.1.1 For determining the item size following this principle, statistic- 
ally designed experiments should be conducted covering different sizes for 
the item with respect to the item quality characteristic of interest. Corres- 
pondmg to each size considered from the values of the item quality, a 
measure of variability in item quality should be calculated. These values 
plotted against different sizes for the item would give a curve. In general, 
this curve would slope downwards in the direction of increase in the item 
size and would be more or less flat after a certain point. The size corres- 
ponding to this point would be an appropriate item size. 

63.1.2 In an investigation conducted on hard coke, large ( nominal size 
150 to 38 mm ), 7 series of 50 increments each were collected. The incre- 
ments in each series were of approximately equal size which were analysed 
by qualified chemists for their ash contents individually. The results of the 
analyses were obtained over a period of time. The average size of the 
increment in each series and the corresponding measure of variability 
( coefficient of variation, v ) of ash content were as follows: 

Series 



I 

2 
3 

4 
5 
6 
7 

The coefficients of variation of ash content between the increments have 
been plotted against the average size of the increments in Fig. I . 

On the basis of this investigation, about 5 kg could be taken as a 
suitable size of the increment, as increments of larger size do not decrease 
the coefficients of variation appreciably. 
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6.4 Determination of Sample Size — It is not possible to have a single rule 
for determination of the size of the sample. The number of items to be in 
the sample is dependent on the extent of error due to sampling that can be 
tolerated which, in turn, depends to a large extent on the degree of homo- 
geneity of the lot. The size of the lot also comes into picture more from 
practical considerations than any statistical reasoning. Of course, it can be 
stated that the effect of lot size on sampling efficiency is greater when the lot 
size is small. But in most industrial usages, where large lot sizes are usually 
encountered, it is the actual size of the sample that is more important than 
what percentage sample size forms of the lot. In view of this, specifying 
the sample as the percentage of the lot size, is not recommended ( see 7^.1, 
8.1.2 and 8.1.3 ). 

For many purposes sample size may have to be large. The conven- 
tional assumption that even a small sample could be representative of the 
lot is to be treated with reserve. The sample size should be determined 
with due regard to the type of inference, the homogeneity within the lot, size 
of the lot and with a view to minimizing the cost of inspection. Detailed 
recommendations for arriving at the desired sample size for estimation of lot 
quality* or for lot acceptance! ^^^ covered in separate Indian Standards. 

7. ESnMATION OF LOT QUALITY 

7.0 Genera] — Of the two main problems, namely, estimation of lot quality 
and lot acceptance dealt with in this manual, the first is described in 7.1 



'See IS : 5002-1969 Methods for determinatioa of sample size to estimate the average 
quality of a lot or process. 

fSee IS ; 2500 ( Part I )-1973 Sampling inspection tables: Part I Inspection by attributes 
and by count of defects ( first revision ). 
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to 7.5. While there is much in common with the two problems with regard 
to the methods for sample selection and the sampling theory used, a samp- 
ling plan devised for one may not be quite adequate or suitable for the 
other since the requirements of each problem would be different. 

7.0.1 In estimating lot quality on the basis of a sample, the sample quality 
consisting of a single value will be adequate for certain purposes. Thus, 
the sample percentage defective would provide an estimate of the percentage 
defective in the lot, or the sample arithmetic mean would estimate the 
arithmetic mean in the lot. But, in view of the error due to sampling, it is 
often desirable to give an indication of the reliability of the estimate. This 
is done by providing two limits which are likely to include the true value of 
lot quality. These two limits, called the upper and the lower limits deter- 
mine an interval called the confidence interval. This will have a confidence 
coefficient associated with it. An interval with a confidence coefficient of 
95 percent would signify that if, following a given rule, confidence intervals 
are constructed based on samples of a given size repeatedly drawn from the 
same lot, then on an average 95 percent of these intervals will contain the 
true value of lot quality. It is in this sense that it will be ascertained that an 
interval constructed on the basis of a sample will contain true lot quality. 
Though confidence intervals for any confidence coefficient like 90 percent, 
99 percent, etc, could be computed, the tables given in this manual pertain 
to a confidence coefficient of 95 percent since it is more widely used in 
practice. 



7.1 Single Value Estimates of Lot Quality 

7.1.1 Lot Fraction Defective — The sample fraction defective {p) which 
is obtained by dividing the number of defectives found in the sample by the 
sample size gives a good estimate of the lot fraction defective ( p' ). In 
many situations, this fraction is also expressed as a percentage by multiplving 
it by 100. 

7.1.2 Average Count of Defects per Item in the Lot — The average count 
of defects per item in the sample ( c ) which is obtained by dividing the total 
number of all the defects found in the sample by the sample size, gives a 
good estimate of the average count of defects per item in the lot ( ? ). In 
many situations, this average is also expressed as count of defects per 100 
items by multiplying it by 100. 

7.1.3 Lot Average ( /* ) — When the characteristic under consideration is 
of the variables type, the sample average ( x ), which is obtained by dividing 
the sum of all the observations by the sample size, is a good estimate of 
the lot average. 
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7.2 Single Value Estimates of Lot Dispersion 

72.1 Lot Standard Deviation {a) — From the different observations on 
the sample items, the sample standard deviation (s) would be calculated as 
the square root of the quotient obtained by dividing the sum of squares of 
deviations of the observations from their average by one less than the sample 
size. When the sample size is small, say less than 20, the value of the 
sample standard deviation ( j ) is to be divided by a suitable factor c^ given 
in Table 1 (see? 49) for obtaining satisfactory estimate of the population 
standard deviation ( a). However, for samples of sizes 21 and above, the 
sample standard deviation itself would give an estimate of the population 
standard deviation. 

7.2.1.1 If the computation of sample standard deviation (s) from 
the sample is considered difficult for any reason, the range ( J? ) which is not 
as efficient as the standard deviation, but simpler to calculate, can be used to 
estimate a. The range, however, is a satisfactory substitute for the sample 
standard deviation only for smaller sample sizes and its use is recommended 
only for values of n less than, say, 20. For this reason, when range is to be 
used for large samples, a gross sample of size mn may, for this purpose, be 
subdivided into m samples each of size n and the average of m ranges ( that 
is, mean range r ) used instead of using a single R based on mn measure- 
ments. Sub-sample size close to 8 are recommended for obtaining the mean 
range. However, in most of the quality control practice, subgroups of 
size 5 are normally used for the sake of convenience. Since the range in the 
lot by itself is not a common or useful measure of lot dispersion, the sample 
range J? or mean range r would be used to estimate the lot standard 
deviation. To render R ( oi r) a.n estimate for a, it is to be divided by a 
factor 4 given in Table 2 (see? 49) which depends on the value of n. 

7 J Interval Estimates of Lot Quality 

7.3.1 Confidence Interval for Lot Proportion Defective ( p' ) — In a sample 
of size n, if d defectives are found, then the confidence limits for the 
proportion of defectives in the lot are given by the two entries at the inter- 
section of the row corresponding to n and the column corresponding to d in 
Table 3{seeP 50 ). For example, if in a sample of 20 spark plugs selected 
from a lot and inspected for high-tension current leakage, 2 were found not 
passing the test, then the estimated proportion of defective spark plugs in 

the lot is given by ^q = 010 ( i.e. 10 percent ). Also the 95 percent confi- 
dence limits as read from Table 3 are 0018 and 293 ( i.e IS percent to 
29-3 percent ). 

The confidence limits given in Table 3 arc correct to three places of 
decimal and are for « = 1 ( 1 ) 30 and </ = ( 1 ) f" — 1. If d is greater 

24 



IS : 15« - 19n 

than (y j. ( » — rf) would be len than (^Y and the table can be read 

for confidence limits for the complementaiy proportion (I — p) from wiuA 
the confidence limits for p ate obtained. 

Exantpie: 

Suppose, n == 25 and <f = 14. Thai(fl — J)= 11 and tbe95pereent 
confidence limiu for (I —p)axe gfvta as ( 0-238, a664 ). which means that 
the 95 percent limits for p would be (1—0-664, 1—0-238) = 
(0336.0-762). ■ 

For sample sizes larger than 30, the confidoice limiti for the lot propor- 
tion of defectives may be calcnbtcd as: -- j J + 2 a /ZIfHZI I and 

73J1 Cot^idence Interval for the Aterage Count of Defects per Item in the 
Lot ( P ) — In a sample size n, if a total of r defects are counted, then the 
confidence limits for the average count of defects per item in die lot is 
obtained by dividing the entries against c in Table 4 { see V 51) by Hx 
corresponding sampfe siis it. 

Example: 

In order to tat the anti-oorrosive diaiacter of a certain point, 30 steel 
panek of the same area woe coated with the paint drawn from different 
parts aS the bulk siq>ply and subjected to conditions likely to produce 
corrosion. The numbor of rust stains on eadi pand was counted. The 
total number of stains on 30 panels added itp to 14. 

14 
Hence, the av«age stain per sampk u obtained at e = ^^-^ 0-47. 

Also the 95 percent confidence limits for the average number of stains per 

panel in the lot is obtained as -^ = 0*25 and =^ = 0-TO. Hence, the 

lower and upper oonfidoice Mmits for average number cX stasia per panel 
( = 0-47 ) are 0-25 and 0-78 respectivdy. 

In case the immber of drfects counted ( c ) in a sample of nze n 
becomes more than 50, then the confidence limits for the average count of 
defects per item in the lot may be calculated as: 
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7J.3 Confidence Interval for Lot Averai^e Using s or R or R — If the 

measurements on n items of a sample are obtained as Xj Xn leading to 

a sample average of x, then the upper and lower confidence limits for the lot 
average are given by {x + h's ) and (x — h's ) where s is the sample 
standard deviation and h! is a factor corresponding to the sample size n 
obtained from Table 5 {see? 53 ). Alternatively, the confidence limits for 
the lot average may also be computed using the sample range {R) or 
sample mean range ( ^ ) in place of sample standard deviation 5 in which 
case the necessary factor h shall be taken from Table 6 ( see P 54 ) and the 
limits shall be ( * + A/? ) and {x — hR) or ( x + Hr) and (x — Hr). 

The use of J? is recommended when the sample size is less than 20, 
whereas S is to be used for sample sizes of 20 or more. While using r the 
grouping should be done in such a manner that: 

a) each group has the same size, 

b) the grouping of observations shall be in the natural order of 
obtaining the observations, and 

c) the maximum group size shall not exceed 1 5. 

Exampie: 

With a view to estimating the mean breaking strength of 04 percent 
carbon steel produced in a plant, 12 specimens were tested and the values of 
their breaking strength ( expressed in kg/cm* ) were as follows: 

5 780 5 750 

5 890 5 910 

5 690 5 980 

5 950 5 760 

5 770 5 970 

5 830 5 730 

The arithmetic mean ( = 5 834 kg/cm* ) would give a single value 
estimate for ^, the average breaking strength of the steel. If a confidence 
interval is desired in this case, it is necessary to have in addition a measure 
of variability. 

a) Using'/ 

If it is preferred to calculate the standard deviation". 



.= J 



408 563 300 - i2m9J! 
fl i^= 101 kg/cm* 
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Referring to Table 5, the value of A' for n = 12, for determining confidence 
limits for the mean breaking strength in the lot is 635, so that the limits 
arc: 

( 5 834 - 0-635 x 101 ) = 5 770 kg/cm», and 
( 5 834 + 0-635 x 101 ) = 5 898 kg/cm*. 

b) Using 'iJ' 

If, on the other hand, it is desired to use range instead of 
standard deviation, 

R = 5 980 - 5 690 - 290 kg/cm' 

and Table 6 gives forn = 12 and m = 1, the value of A -=■ 019, so that the 
confidence limits would be: 

( 5 834 - 0-19 X 290 ) = 5 779 kg/cm*, and 
( 5 834 + 019 X 290 ) = 5 889 kg/cm*. 

c) Using 'k' 

Although the use of mean range based on sub-sample is not essential 
unless the gross sample contains more than 20 items, the same example may 
be used to illustrate the use of mean range. If the 12 items in the sample 
were considered to be grouped into two sub-samples of 6 items each, the first 
6 measurements constituting one sub-sample and the remaining 6 the other 
sub-sample, then: 

R for 1st sub-sample is ( 5 950 - 5 690 ) = 260 kg/cm«, and 
R for 2Eid sub-sample is ( 5 980 - 5 730 ) = 250 kg/cm», 

so that R = ^^ ^ ^^^ = 255 kg/cm». 

Referring to Table 6 with n =- 6 and m = 2 the value of A = 15 is 
obtained. The confidence limits are then given by: 

( 5 834 - 0-25 X 255 ) = 5 770 kg/cm', and 

( 5 834 -f 0-25 X 255 ) = 5 898 kg/cm». 

Note — Limits obtained for the same lot quality may differ to some extent when 
different sample qualities are used. It should be noted that the meaning given to 
confidence intervals in 7.0.1 apply to a uniform procedure ( using the same sample 
quality ) and on an average basis. In the long run, but not necessarily in a particular 
case standard deviation would give shorter intervals than the range. 

7.4 iHterra) Estimate of Lot Dispersion 

7.4.1 Confidence Interval for the Lot Standard Deviation, a Using j or 
R — Either the sample standard deviation ( J ) or sample range ( R ) may 
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be used for obtaining ihe confidence limits for the lot standard deviation. 
When the former is used, the limits are obtained as f\s and/»r where /i and 
ft are the factors corresponding to the sample size n taken from Table 7 
{see¥ 55 ). When the range R is used, the limits are obtained as f^R and 
f^R where fx and /« are the factors corresponding to sample size n taken 
from Table 8 ( jee P 56 ). Tbe use of i! is recommended only for small 
values of tbe sample size, say less than 20 or so. 

Example: 

In the example given under 133 for n — \2, Table 7 provides the 
values 0-708 and 1*70 for/, and/, to be used with s, and Table 8 provides 
the loloes 0-203 and 0531 for y^ and >« to be used with R. Thus, confidence 
limits for a arc given by: 

708 X 101 = 71-5 kg/cm* ) 
and 170 X 101 = 1717 kg/cm» } when, i. used 

0-203 X 290 = 58-9 kg/cm» ) 
and 531 x 290 == 154 2 kg/cm» } '»»« ^^ « "^ed. 



IS The Effect of Lot Siae oa Coafidence Intorral 

7,5.1 In all the earlier paragraphs where the construction of confidence 
limits for different lot parameters have been discussed, the actual size of the 
lot had not been taken into account. This has been done since the effect of 
lot size on the length of the confidence interval is negligible only when 
sample size is small as compared to lot size ( see Fig. 2 ). Since, in most of 
the practical situations, the sizes of the lots encountered are considerable as 
compared to the sample sizes, the tables given are readily applicable in all 
such cases. 

7.6 Other Uses of Cbafideace Interrals 

7.6.1 Besides providing an interval which contains the lot parameter, in the 
long run, the confidence limits are also useful for many other purposes. For 
example, while planning experiments, a rough idea of the lot quality together 
with the tabl^ for construction of confidence limits can be used to determine 
how large the sample should be in order to obtain estimates of desired 
reliability. For further details of the actual methods, see IS : 5002-1969*. 
The confidence limits are also useful for testing certain hypothesis about 
population parameters. 



*Me ihod8 for determiaatjon of unqtle iize to estimate ihe aveiace quality of a lot or 
process. 
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8. SAMPUNG FOR LOT ACCEPTANCE 

8.1 Risks bTolved in Sampling Inspection — In sampling for lot acoeptance, 
a decision is arrived at about the disposal of the lot as a whole as acceptable 
or not acceptable on the basis of inspection of sample items. In such a 
process, wrong decisions by way of either rejecting good lots against the 
interests of the supplier ( or producer ) or accepting bad lots against the 
interests of the receiver ( or consumer ) are possible. The consumer and 
producer will, therefore, have to take some risks. It also follows that in 
lots accepted on a sampling basis, some defective items would be present 

8.1.1 Operating Characteristic ( OC ) — When an acceptance plan operates 
and a number of lots are inspecteid, the result is to sort out the lots into two 
groups, namely, the accepted and non-accepted groups. The relative 
proportions into which lots will be sorted out by any particular plan as 
acceptable or not will, along with other factors, depend upon the quality of 
the lots coming for inspection. The quality of incoming lots might vary. 
The different proportions into which a plan will, on an average, be able to 
sort the lots at varying incoming quality levels would, therefore, give a 
picture of the degree of quality protection given by the plan. For instance, 
if the consumer fixes a certain level of quality for lots to be considered bad, 
be can know from the proportion of lots that would be accepted at that 
quality, whether a given plan satisfies a stipulated risk of accepting bad lots 
or not. The performance of a plan, measured in terms of proportion of 
the lots that would be accepted, on an average, at different possible incoming 
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qualities, is called the operating characteristic ( OC ) of the plan. Each 
acceptance sampling plan will thus have its own OC. The OC of a plan can 
be expressed as a mathematical function of the incoming lot quality. The 
graph of this function with incoming lot quality on the horizontal axis is 
called the OC-curvc. If the incoming material is free of any defectives, then 
the lot will always be accepted, whatever may be the sampling plan chosen. 
On the other hand, if it contains only defective material, the lot will always 
be rejected, irrespective of the type of sampling plan chosen. Hence, the 
OC-curve would continuously slope downwards from the value one to zero 
in the direction of deterioration of quality, indicating that the plan will have 
lesser and lesser preference for worse and worse incoming lot qualities. The 
ability of a plan to discriminate between good and bad lots can be judged 
from the steepness with which the OC-curve slopes downwards. OC of a 
plan, effectively summarizes the nature of quality protection obtainable by 
operating the plan on a number of lots. OC, thus, plays an important role 
in the choice of a plan and many of the published plans also furnish 
OC-curves to enable choice from the point of view of quality protection. 

8.1.1.1 A typical OC-curve is shown in Fig. 3, in which the incoming lot 
quality is expresised as percentage defective ( the larger the percentage 
defective, the worse is the quality ). The OC-curve may be regarded as a 
graph of the percentage of lots expected to be accepted in the long run in 
sampling inspection plotted against incoming lot quality. If a certain value 
is chosen to demarcate good lots and another to demarcate bad lots, it is 
easy to identify the producer's and consumer's risk on the OC-curve as 
shown in Fig. 3. The value demarcating good lots is called the acceptable 
quality level (AQL) and the value demarcating bad lots is lot tolerance per- 
cent defective ( LTPD ). LTPD is also designated as limiting quality level 
( LQL ). The producer wants all good lots accepted and the consumer 
wants all bad lots rejected. Only an ideal OC-curve, as shown in Fig. 4. 
can achieve such an objective. However, sampling plans can have OC-curves 
close to the ideal OC only, thereby implying that certain risks for both the 
producer and the consumer are inevitable. In Fig. 3, lots with percentage 
defective equal to AQL or less will be considered good. Lots with quality 
equal to LTPD or worse will be considered bad. Even when the producer 
submits lots of AQL quality, he runs a small risk of such lots being rejected 
by the plan. This is usually known as producer's risk. Similarly, when the 
lots of LTPD quality are submitted, the consumer runs small risk of accept- 
ing such loss which is known as consumers risk. With the shape of the 
OC-curve, as given in Fig. 3, it would be seen that the risk of rejecting lots 
of quality better than AQL will be less than the producer's risk. Similarly, 
the risk of accepting lots of quality worse than LTPD will be less than the 
consumer's nsk. This is a very desirable feature common to most of the 
acceptance plans. In practice, producer's risk is normally taken as 5 percent 
whereas consumer's risk is kept as 10 percent. 
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Tbe lot quality, which has a 50 percent diance of being accepted or 
rejected by the plan, is also sonKtimes used as a measare of protection 
afforded by the plan. This lot quality is normally known as indifference 
quality. 

NoTC — Though in dte deveiopmeat of the theory of sampHng inspectioa, AQL 
«M fff~-"**^ with a fixed ptodnoer's ritk ( S penxnt ). the later tread has been 
10 fink it with the attainable pmceas average. Thiis, the lots, for iHiidi the ptpoeas 
a«eta«e level » not neater than the qwcified AQL, are aoc^ited most of the times. 
Aecor din gly, the prooKcr's ride is not set at a fxnticalar value. For farther details. 
Met IS : 2300 ( Part I >-l973* and IS : 2S00 ( Pan U )-1965t. 

SS2 Percentage Sampling — A common practice in industry is to specify 
that the sampling inflected shall be some fixed percentage of the lot, siidi as. 
5, 10 or 20 percent. This stipulation is generally based on the mistaken 
idea tiot the protection given b^ sampling plans is constant if the ratio of the 
sampfe size to lot size is kqrt constant It can, however, be shown with the 
hdp of OC-ciurves that acceptance sampling plans with the same percentage 
samples give very different quality protections. For example. Fig. 5 gives 
OC-curves for 4 plans whoein the sample is 10 percent of the lot size ( lots 
of soes 50, 100, 200 and 1 000 are considered ). 

It can be seen from Fig. 5 that incoming lots of 2 percent defectives 
would have a very hi^ chance ( about 90 percent ) of being accqrted when 
the lots are of size Sd and a very poor chance ( about 12 percent ) of being 
accepted when the lots are of size 1 000. 

8.13 Fixed Sample Size — As against the percentage sampling discussed 
in 8.U, it may be of interest to study the bdiaviour of the plans with fixed 
sample sizes. Figure 6 gives the OC-curves of 4 plans wherein a sample of 
size 20 is inspected ( loU c^ sizes 50, 100, 200and 1 000 are considered ). It 
can be easily seen that the fixed sample size tends towards the constant 
quality protection, since the corresponding OC-curves are close to each other. 

8.1,4 Varying Sample Size — Figure 7 ilhistrates the diange in the shape 
of OC-curves for different sample sizes keeping the acceptance number 
constant. As tbe samite size increases, the slope of the curve becomes 
steeper and af^oaches strai^t vertical line. Sampling plans with large 
sample sizes are better able to discriminate between good and bad quaUty 
lots. Therefore, the consimier has fewer lots of bad quality accepted and 
the producer fewer lots of good quality rejected. 

8.13 Varying Acceptmce Numbers — The changes in the shape of 
OC-curves as the acceptance number dianges keeping the sample size fixed 
are shown in Fig. 8. As the acceptance number decrrases, the curve becomes 

•Sunplinc inqiectioa taUes: But I bspection by attribatca and by count of defects 
(first reri^m). 

t S ai UJin g i n s p er t i on tatrieK Part II In fl ect ion by vanabiei for percent defectiw. 
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steeper. Consequently the OC-curve for plans with acceptance number zero 
are the steepest. This fact has frequently been incorrectly used to justify the 
use of sampling plans with zero acceptance number, ft could, however, be 
seen that OC-curves of such plans are convex throughout the range of 
incoming quality, resulting in higher risks of rejecting good lots. As against 
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this, OC-curve for n — 200 and a = 1, which is shown by dotted hne in 
Fig. 8, is not only steeper than the OC-curve but also for the plan n = 50 
and a — 0, is more concave at the lower values of incoming quality. Thus, 
the plan for n = 200 and a = 1 is more discriminating in the acceptance of 
AQL quahty of incoming material and rejection of LTPD quality as 
compared to other plans. Sampling plans with acceptance numbers greater 
than zero can actually be superior to those with zero. Therefore, sampling 
plans with higher sample sizes and non-zero acceptance numbers may usually 
be considered better. 
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8.1.6 Acceptance Numbers as a Fixed Percentage of Sample Size — 
Figure 9 illustrates the change in the shape of OC-curvcs for three different 
sampling plans having the same ratio of acceptance number to sample size. 



= 200"] 



sampling plans having the same ratio of acceptance 
Thethreeplansare["^f ], ["lf]'^°** [fl=20j 

Although each of these three plans permits 10 percent of the sample to be 
defective, it is evident that they have quite different OC-curves. The larger 
the sample size, the greater the ability of the samphng P^^'°^^"^Xt 
between lots of different quahties. For examp e, a 15 Pe^ent defecuvc lot 
if submitted for inspection, will have a probabihty of acceptance as 40 5 per 
cent for the plan [ ^ ^ f ]• but is practically certain to be rejected for the 

plan r " = ^*^ 1. The large sample, which protects the consumer against 
L o = 20 J 
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Fig. 8 OC-Curves for Varying Acceptance Numbers 

the acceptance of relatively bad lots, also gives the producer better protection 

against the rejection of relatively good ones. For example, a 5 percent 

r n = 20 "1 
defective lot has probability of acceptance as 92*5 percent for _ - 

and 998 percent for _ on ■ 

8.2 Average Ontgoing Quality Limit ( AOQL ) — The operating charac- 
teristic, while it provides a complete picture of the performance of plan in 
the form of a function or a curve, does not give a single value measure 
of the fjerformance. In view of this, other concepts are sometimes used. 
One such is the average outgoing quality limit ( AOQL ). 

8.2.1 When a plan operates on a number of lots, out of which some will 
be accepted the non-accepted lots may be rejected and returned or may be 
completely inspected for the non-sampled portion of each lot. In the latter 
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case, all the defective items found would be replaced by the good ones. 
Accordingly, an acceptance plan may be either of the acceptance-rejection 
type or of the acceptance-rectification type. For both these types, there would 
be a certain resulting quality for all the accepted lots put together called the 
average outgoing quality ( AOQ ). This would naturally depend on the 
incoming lot quality. If the plan is of the acceptance-rejection type, then 
the AOQ will be almost the same as the incoming quality ( the slight 
reduction in the value of AOQ as compared to the incoming lot quality is 
due to the fact that the defectives found in the samples of the accepted lots 
are eliminated ). On the other hand, for an acceptance-rectification type 
of plan, the AOQ will be superior to the incoming quality since the non- 
accepted lots will be completely inspected, made free of defectives and then 
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added to the Jots accepted at first. Hence, the AOQ concept is more 
meaningful in relation to the acceptance-rectification type of plans. 

SJ2.2 If the incoming lots are absolutely free of defectives, the value of 
AOQ would obviously be zero for any sampling inspection plan. Again, if 
the incoming lots contain only defectives then all the lots would be rejected 
by the sampling plan chosen and since rejected lots are to be screened for 
replacing the defectives by the good items, the value of AOQ would again 
be zero. For incoming lots of intermediary qualities, the value of AOQ 
would vary depending on the quality level of the incoming lots. A typical 
AOQ-curve for the plan in which 50 sample items are inspected from each lot 
and the lot is accepted if one or less defective is encountered is given in Fig. 10. 
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Fig. 10 A Typical AOQ-Curve 

8.2 J The analysis of the curve shows that when the incoming quality is 
2 percent defective, the AOQ is 148 percent defective, and when the incom- 
ing quality is 8 percent defective, AOQ is 64 percent defective. Since the 
rejected lots are rectified, the AOQ is always better than the incoming 
quality. From Fig. 10 it can be easily seen that the AOQ cannot exceed a 
certain limit. This upper limit is called the average outgoing quality limit 
( AOQL ). The AOQL of a plan is, therefore, a summary measure of the 
quality protection in the case of an acceptance-rectification plan. It should. 
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however, be noted that the AOQL is only an upper limit of an average and 
it may, sometimes, be exceeded in individual cases. However, in the long 
run, the percent defectives in the accepted lots would never exceed the 
AOQL. Thus, an AOQ-curve, in conjunction with an OC-curve, provides a 
powerful tool for describing and analysing acceptance-rectification type of 
sampling plans. 

83 Different Types of Sampling Plans 

8-3.1 Depending upon whether the inspection is by gauging ( or visual ) 
or by measurement, the attributes or the variables type of plans can be used. 
For both these types, the lot quality may be expressed as a percentage 
defective ( see 3.2,3 ). Hence, most of the plans ( both attributes and the 
variables type ) are designed to suit lot quality specifications in terms of 
percentage defectives. In the attributes plan, the sample quality that is 
generally used is the number of defeclivts ( or d^ifects per item ) found in the 
sample, whereas in the variables plan the sample quality that is generally 
used is the sample mean ( 5 ) along with lot standard deviation (a), if it 
has been determined and is known to be constant ( stable ) from lot to lot. 
In all situations, the sample quahty used is the sample mean along with 
sample standard deviation ( s ), or the sample range ( i? ) or the sample 
mean range ( R ). 

8.3.2 Attributes Plans 

8.3.2.1 Single sampling plan — In this type of sampling plans, decision 
on the acceptance or rejection of the lot is always made on the evidence of 
only one sample taken from the lot. So a single sampling plan is defined by 
the lot size N, the sample size n. and the acceptance number a. If the 
number of defectives found in the sample is less than or equal to a, the lot 
is accepted; otherwise the lot is rejected. Hence, rejection number in this 
case is given by {a + 1 ) ( also denoted by r ). 

8.3.2.2 Double sampling plan — In this type of sampling plans, one 
sample is taken from each lot and the evidence is used to accept the lot, or 
to reject it or to reserve decision until further information from a second 
sample is obtained. Thus, one sample from each lot is always taken and 
never more than two samples are taken from the lot. So, a double sampling 
plan is defined by: 

N = Lot size 

n = Size of the first or second sample 

fli = Acceptance number for the first sample 

Tj = Rejection number for the first sample 
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flj = Acceptance number for the first and second samples combined 
r, = Rejection number for the first and second samples combined 
( = a, -f 1 ) 

Schematically, a double sampling acceptance-rejection plan can be 
presented as shown in Fig. 1 1 . 

Inspect the first sample of n items from the lot 

I 
If this sample contains 1 

^ ^ ^ . . 

ai or less defective items, between Oj and r^ r^ or more defective items, 



accept 
the 
lot inspected 



defective items 



inspect the second sample 
of n items from the lot 



If the first and second samples 
combined contain 

; 



reject the 
lot 
inspected 



02 or less defective 

items, accept the 

lot inspected 



r^ ( = flj + 1 ) or more defec- 
tive items, reject the 
lot inspected 



O 



Fig. II Schematic Representation of a Double Sampling Plan 

8.3.23 Multiple sampling plan — A multiple sampling plan is a conti- 
nuation of the double sampling plan. In this type of plan, a certain number 
of samples, not exceeding a maximum number of stages specified, are taken 
before taking a decision on acceptance or rejection of the lot. Although it 
may be possible to devise sampling plans for any number of stages, the plans 
published in IS : 2500 ( Part I )-l973* are given up to seven stages. 

8.3.2.4 Sequential sampling plans — While in multiple sampling a 
decision is attempted after each sample is inspected and a decision is 
arrived at in any case with the last allowable sample, in the sequential type 



'Sampling inspection tables: 
{first revision ). 



Part I Inspection by attributes and by count of defects 
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of inspection a decision is attempted on the cumulative evidence gathered at 
each stage of item-by-item or group-by-group inspection of items. This 
type of inspection is continued till a categoric decision to accept or reject 
the lot is possible. There is, therefore, no question of pre-determined 
sample sizes for sequential plans. Sequential sampling plans lead, on an 
average, to the least amount of inspection among all known attributes 
plans. 

Simple formulae based on some stipulations are available for item-by- 
item sequential plans, in which the decision to accept, reject or to continue 
sampling is made after inspection of each item. The plan can also be 
operated graphically with the number of items inspected at any stage 
represented on one axis and the total number of defectives found in the 
sample on the other axis. The plan is determined by an acceptance line 
On = — m^ + nS and a rejection line rn = nti + nS, where m,, m, and S 
would depend on the lot qualities and acceptance risks stipulated beforehand. 

8.3.2.5 For the relative merits of the various attributes plans discussed 
above as also for obtaining the actual value of sample size, acceptance 
number, etc, relevant to the plans for different stipulations, see IS : 2500 
( Part I )-1973*. 

8.3.2.6 Examples — Suppose lots containing 2 000 mild steel tubes each 
are submitted for inspection of outside diameters. The outside diameters of 
the tubes should be between 98 mm and 10-6 mm. Any tube failing to 
meet this requirement is considered as defective and suitable gauges are used 
for the detection of defectives. 

a) If a single samphng plan for an AQL of 4 percent is adopted, the 
plan may be as follows: 

Sample size ( n )=125 
Acceptance No. ( a )= 10 

From each lot of 2 000 tubes, take at random a sample of 125 tubes and 
inspect them for outside diameters using Go, No-Go gauges. The lot 
shall be accepted if the number of defective tubes found in the sample 
is 10 or less; otherwise it shall be rejected. 

b) If a double sampling plan is adopted, the plan would be as follows: 
Sample Stage Sample Size For Cumulative Sample 



(n) 



..K- 



Size Acceptance Rejection 

No. (a) No. (r) 

First 80 80 5 9 

Second 80 160 12 13 

*Sainpling inspection tables: Part I Inspection by attributes and by count of defects 
( first revision ). 
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From each lot of 2 000 tubes, collect the first sample of 80 tubes at 
random and examine them for defectives. The lot shall be accepted if 
the number of defective tubes in the first sample is 5 or less and 
rejected if it is 9 or more. If the number of defective tubes is between 
5 and 9 ( i.e. 6, 7 or 8 ) a second sample of 80 tubes shall be collected 
and inspected. The lot shall be accepted if the number of defective 
tubes in the combined sample of 160 tubes is 12 or less and rejected if 
the number of defective tubes found is 13 or more. 

c) If instead of a double sampling plan, a multiple sampling plan is 
desired to be followed, the sampling plan would be as follows: 



Sample 


Stage 


Sample Size 
(") 




For Cumulative 

A 


Sample 




/ 




\ 








Size 


Acceptance Rejection 










Number 


Number 










(flO 


in) 


1 




32 


32 





5 


2 




32 


64 


3 


8 


3 




32 


96 


6 


10 


4 




32 


128 


8 


13 


5 




32 


160 


11 


15 


6 




32 


192 


14 


17 


7 




32 


224 


18 


19 



From each lot collect the first sample of 32 tubes in a random order and 
examine them for defective tubes. The lot shall be accepted if no defective 
tube is found. It shall be rejected if the number of defective tubes 
found is 5 or more. If, however, the number of defective tubes is between 
and 5, a second sample of 32 tubes shall be selected and examined for 
defectives. The number of defective tubes in the combined sample ( that is, 
the first and the second sample taken together) shall then be compared 
against the acceptance and rejection number corresponding to the second 
stage of sampling for taking decision with regard to the acceptance or 
rejection of the lot. If no decision is reached aftST examining the second 
sample, a third sample of 32 tubes shall be drawn and so on up to the 
seventh stage till a decision is finally reached so as to accept or reject 
the lot. ^ 

S33 Variables Plans 

S33.1 Single sampling plans — The procedure in single sampling 
vanables plan would be as follows: 

Obtain the measurements on n items in the sample. Calculate the 
anthmetic mean (x) of n measurements. Also, if a is not known, 
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calculate the sample standard deviation ( s ) or sample range ( R) or mean 
range (h). ( When the sample size is 10 or more, r shall be calculated 
from the ranges obtained for sub-groups of size 5 each ). 

Uix + k"a) or (x + k's) OT (x -i- kR) or {x + kT), whichever 
is the case, is less than or equal to U, accept the lot otherwise reject, when 
only the upper specification limit U is stipulated. For a lower limit L, if 
( X — k'a ) OT {x — k's) OT (x — kR) or (x — ^^) is greater than or 
equal to L, the lot is accepted, otherwise rejected. The values of the factors 
k", k' and k to suit different stipulations are available in published tables. 

For obtaining the actual values of the sample size and the relevant 
factor k{0T k' ot k' ) for plans with various stipulations, see IS : 2500 
(Part II)- 1965*. 

When the item quality specification is two-sided ( that is, in terms of 
both L and U), one of the methods available is to use two one-sided plans 
separately, one for each limit using the same k values as of the one-sided 
plans provided the value of a or 5 or JJ or ^ is quite small when compared to 
the specification range { U ~ L). When this is not the case, the acceptance 
procedure is graphical and quite cumbersome. However, this cumbersome 
graphical procedure has been considerably simplified by imposing an upper 

limit on the value of .. _ . or . or - ^ , or ^ • [ For 

further details, see IS : 2500 ( Part II )-I965*. ] 

8.3.3.2 Double sampling plans — The principle underlying the double 
sampling variables plan is similar as the one indicated for the corresponding 
attributes plan. However, in practice, these types of plans are very 
cumbersome to operate and, hence, do not have many uses in industrial 
applications. 

8.3.3.3 Sequential plans — Sequential plans are also possible in case of 
variables inspection which requires the determination of acceptance and 
rejection lines as in the case of attributes sequential plans. 

8.3.3.4 If for the example given in 8.3 J.6, a single sampling variables 
plan for an AQL of 4 percent is to be adopted, the saraplmg plan for 
variability known and variability unknown would be as follows: 

a) Variability known method 

Sample size = 15 
Factor *• = 1-35 



♦Sampling inspection tables: Part n Inspection by variables for percent defective. 
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Upper limit of " = 0243, where U and L are upper and 
lower specification limits. 

Take a sample of 15 items at random from each lot and find the 
outside diameter of each of the sample tubes. Compute the mean ( * ) of 
these 15 observations. The lot shall be accepted if all the following 
conditions are satisfied; otherwise it shall be rejected: 

i) -^ < 0-243 

ii) 5 -!- 1"35 a < 106 ( upper specification limit ) 
iii) X — 1-35 a > 98 ( lower specification limit ) 
Note — The value of a is required to be known beforehaod from past experience. 

b) Variability unknown ( standard deviation ) method 

Sample size = 30 
Factor A:' = 136 

Upper limit of ^j-zn = ^^^^ 

Take a sample of 30 items at random from each lot and find the outside 
diameter of each of the sample tubes. Compute the mean (x) and standard 
deviation (s) of these 30 observations. The lot shall be accepted if all the 
following conditions are satisfied; otherwise the lot shall be rejected: 

--^ < 0-295 

ii) X + ]-36s < 10-6 
iii)5— 1-36j > 9-8 

c) Variability unknown ( range ) method 

Sample size = 35 
Factor it =0581 

Upper limit of -jA^j^ or ^ = 0694 

Take a sample of 35 tubes at random from each lot and find outside 
diameter of each of the sample tubes. Compute the mean ( * ) and mean 
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range ( ;« ) of these 35 observations. The lot shall be accepted if all the 
following conditions are satisfied; otherwise it shall be rejected: 

i) -f^ < 0-694 

ii) X + 0-581 ^< 10-6 
iii) S - 0-581 :r> 9-8 

8.4 Average Amount of Inspection 

8.4.1 The cost of inspection involved in using a sampling plan would 
depend on several factors, such as the cost of transporting items to make 
them available for inspection, the type of inspection performed ( visual, 
measurements etc ) and, above all, the number of items required to be 
inspected. For comparison of costs involved in using different plans, 
however, often the average amount of inspection per lot ( AOI ) or the 
average sample number ( ASN ) is used. ASN is the average number 
of items inspected per lot in the sampling inspection whereas AOI is the 
average number of items inspected per lot in sampling as well as in sorting 
inspection. ASN and AOI are same in acceptance-rejection plans but are 
much different in acceptance-rectification plans. In a single sampling plan, 
with sample size n, the ASN is equal to n if the plan is of the acceptance- 
rejection type. The corresponding ASN for a double sampling plan would 
be of the form « ( I f / ) where n is the size of the first or second sample 
and / the fraction of lots that will be subjected to a second inspection. 
( These average sample numbers hold good if there is no curtailment 
of inspection, i.e. the sample selected is completely inspected, irrespective of 
the decision to accept or reject the lot ). 

8.4.1.1 Typical ASN-curves for single, double and multiple sampling 
plans given in 8.3.2.6 having same OC-curves are given in Fig. 1 2. 

8.4.1.2 In a single sampling plan ( acceptance- rectification type ) the 
AOI = n -r F ( M — n) where n is the sample size, N the lot size and Fthe 
fraction of lots that will not be accepted in the first instance but will be 
accepted after complete inspection and rectification. 
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APPENDIX A 

( Clause 2.0 ) 

GLOSSARY OF SYMBOLS 

acceptance number in the single sampling plan or in 
the first sample of double sampling plans; Uy, a^, etc, 
are used for denoting the acceptance numbers at 
various stages of multiple sampling plans. 

average amount of inspection per lot. 
average outgoing quality. 

average outgoing quality limit. 
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AQL — acceptable quality level. 

ASN — average sample number. 

e — the number of defects. 

T — the average count of defects per item in a sample. 

^ — the average count of defects per item in a lot. 

h — coefficient of s for estimating a. Values of c^ are 

given in Table 1 . 

i — number of defective items in a sample. 

4 — coefficient of R or r for estimating a. Values of d^ 

are given in Table 2. 

f\ and/, — coefficients of s for estimating the confidence Umits of 

a. Values of /i and/2 are given in Table 7. 

ft&nAf^ — coefficients of R for estimating the confidence limits 

of a. Values of /a and/4 are given in Table 8. 

* — coefficient of J? or j? for estimating the confidence 

limits of /x. Values of h are given in Table 6. 

^ — coefficient of s for estimating the confidence limits of 

>t. Values of h! are given in Table 5. 

k, k', k' _ coefficients of /?, s and a respectively in the acceptance/ 

rejection criteria for single sampling plan by variables. 

*" — lower specification limit. 

LTPD — lot tolerance percent defective. 

^QL — limiting quality level. 

«x.w« _ the distance of acceptance-rejection lines from the 

origin on the 7-axis in the case of sequential sampling 

plans. 

— sample size. 

— lot size. 

^ — operating characteristic. 

OC Curve _ operating-characteristic curve. 

^ — sample fraction defective ( =<//« )• 

^' — lot fraction defective. 
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r {fi, Kt...) — the rejection number in single and double sampling 

plans. Tj, Tj, etc, are used for denoting the 

rejection number at various stages of multiple sampling 
plans. 

R — the range. 

R — the mean range. 

s — sample standard deviation. If x^, Xj, x„ are the n 

measurements of items in the sample, then 






ix^ — x)* + ... + {x„ — xy 

n— 1 

{Xi'+ XnM -«^ 



n— 1 



— the slope of the acceptance-rejection lines in the case 
of sequential sampling plans. 

— lot standard deviation. If x^, x^, xn are the A'^ 

measurements of the items in a lot, then 






N 



( X,' + ... + xD- JVm' 

N 

U — upper specification limit. 

X — sample average, li x^, x^ x, are the n measure- 

ments of the items in a sample, then 

- _ Jfl + Jfz + + X n 

n 

fk — lot average. If x,, jCj, x^ are the iV measure- 

ments of items in a lot, then 

u. _ ^1 + ^2 + + Xh 

'^ N 

V — coeflScient of variation. In the case of the sample this 

is given by - x 100 ( expressed as a percentage ), 
whereas in the case of the lot it is obtained as 
— X 100 ( expressed as a percentage ). 
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TABLE 1 FACTORS NECESSARY FOR ESTIMATING <j FROM s 

( Clause 7.2.1 ) 



Sample Size 


Factor 


Sample Size 


Factor 


n 


Cl 


n 


Cl 


2 


0-797 8 


12 


0-977 


3 


0-886 4 


13 


0-979 6 


4 


0-921 6 


14 


0-981 2 


5 


0-939 9 


IS 


0-982 2 


« 


0-951 1 


16 


0-983 7 


7 


959 3 


17 


0-984 7 


8 


0-965 


IS 


0-985 4 


9 


969 6 


19 


0-985 8 


10 


0-972 5 


20 


986 9 


11 


975 6 






Note — a is estimated by — . 







TABLE 2 FACTORS NECESSARY FOR ESTIMATING a FROM R OR R 







(Clause 7.2.1.1 ) 




Sample Size 


Factor 




Sample Size 


Factor 


n 


«i. 




n 


d. 


2 


1-128 




12 


3-258 


3 


1-693 




13 


3-336 


4 


2-059 




14 


3-407 


5 


2-326 




15 


3-472 


6 


2-534 




16 


3-532 


7 


2-704 




17 


3-588 


8 


2-847 




18 


3-640 


9 


2-970 




19 


3-689 


10 


3-078 




20 


3-735 


U 


3173 








Note — o 


IS estimated by ^ or 'j ■ 
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TABLE 4 VALUES FOR DETERMINING CONFIDENCE LIMITS FOR 

AVERAGE COUNT PER ITEM IN A LOT ( CONFIDENCE 

COEFFICIENT 95 PERCENT ) 

( Clause 7.3.2 ) 

[ Calculation of sample average count is not necessary. The limits for the average 

count per item in the lot are obtained by dividing the values in col 2 and 3 by 

the number n of items in the sample. ] 

n Times 
Upper Limtt 
(3) 
3-69 
5-57 
7-22 
8-77 
10-24 
11-67 
13-06 
14-42 
15-76 
17-08 
18-39 
19-68 
20-96 
22-23 
23-49 
24-74 
25-98 
27-22 
28-45 
29-67 
30-89 
3210 
33-31 
34-51 
35-71 
36-90 
3810 
39-28 
40-47 
41-65 
42-83 
48 68 
54-47 
60-21 
65-92 



Sum of Count 


n Times 


ON n Items 


Lower Limit 


(l> 


(2) 





0000 


1 


0025 3 


2. 


0-242 


3 


0-619 


4 


109 


5 


1-62 


6 


2-20 


7 


2-81 


8 


3-45 


9 


4-12 


10 


4-80 


11 


5-49 


12 


6-20 


13 


6-92 


14 


7-65 


IS 


8-40 


16 


915 


n 


9-90 


18 


10-67 


19 


n-44 


20 


12-22 


21 


13-00 


22 


13-79 


23 


14-58 


24 


15-38 


25 


1618 


26 


16-98 


27 


17-79 


28 


18-61 


29 


19-42 


30 


20-24 


35 


24-38 


40 


28-58 


45 


32-82 


50 


3711 
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TABLE 5 VALUES OF A' FOR DETERMINING CONHDENCE LIMITS FOR 
THE AVERAGE ( ARITHMETIC MEAN ) OF A MEASURED CHARACTE- 
RISTIC IN THE LOT, USING SAMPLE MEAN WITH SAMPLE STANDARD 
DEVIATION ( CONFIDENCE COEFFICIENT <K PERCENT ) 



( Clause 7.3.3 ) 



[ The lower and upper confidence limits are given by ( i 
( X + h's ) respectively ]. 



h's ) and 



Number of Items 
IN THE Sample 
fi 


Value of 
A' 


Number of Items 

IN the Sample 

n 


Value ot 
h' 


2 


8-984 


22 


0-443 


3 


2-484 


23 


0-432 


4 


1-591 


24 


0-422 


5 


1-242 


25 


0-413 


6 


1-050 


26 


0404 


7 


0-925 


27 


0396 


8 


0-836 


28 


0388 


9 


0-769 


29 


0-380 


10 


0-715 


30 


0-373 


11 


0-672 


31 


0-367 


12 


0-635 


41 


316 


13 


0-604 


51 


0-281 


14 


0-577 


61 


0-256 


15 


0-554 


81 


0-221 


16 


0-533 


101 


198 


17 


0-514 


121 


0180 


18 
19 


0-497 
0-482 


More than 121, 
use formula: 


196 
v'/T 


20 


0-468 






21 


0455 
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TABLE 6 VALUES OF A FOR DETERMINING CONFIDENCE LIMITS FOR 
THE AVERAGE ( ARITHMETIC MEAN ) OF A MEASURED CHARACTE- 
RISTIC IN THE LOT, USING SAMPLE MEAN AND SAMPLE RANGE 
( OR MEAN RANGE ) ( CONFIDENCE COEFFICIENT 95 PERCENT ) 

( Clause 7.3.3 ) 

[ The lower and upper confidence limits are given ( i — hR) and ( i + hR) where 

R is based on a gross sample of n items ( that is. m = 1 ) and ( x — ak ) and 

(X + A« ) where jT is the average of m ranges from m sub-samples each of size n. ] 



Number of 

Items in the 

Sample 

n 






m— Number of Sub-! 


SAMPLE 


Each of Size 


n 




1 


2 


3 


4 


5 


6 


7 


8 


9 


' — ■ k 

10 


2 


6-36 


1-72 


1-08 


0-83 


0-70 


0-61 


055 


0-50 


0-46 


044 


3 


1-30 


0-64 


0-47 


0-38 


0-33 


0-30 


0-27 


0-25 


024 


0-22 


4 


0.72 


0-41 


0-31 


0-26 


0-23 


0-21 


019 


018 


017 


016 


5 


0-51 


0-31 


0-24 


0-20 


018 


016 


0-14 


015 


013 


012 


6 


0-40 


0-25 


0-20 


017 


015 


013 


012 


0-11 


OU 


010 


7 


0-33 


0-21 


on 


014 


0-13 


012 


Oil 


010 


0-09 


009 


8 


0-29 


0-19 


015 


0-13 


3-U 


010 


0-09 


0-09 


0-08 


0-08 


9 


0-25 


017 


0-13 


0-11 


010 


009 


0-08 


008 


007 


007 


10 


0-23 


0-15 


012 


0-10 


009 


0-08 


008 


0-07 


007 


0-06 


11 


0-21 


014 


Oil 


010 


008 


007 


007 


0-07 


006 


0-06 


12 


019 


0-13 


0-10 


009 


008 


0-07 


007 


006 


0-06 


006 


13 


018 


012 


0-10 


008 


007 


007 


0-06 


0-06 


0-05 


005 


14 


017 


Oil 


0-09 


0-08 


0-07 


006 


006 


005 


005 


0-05 


15 


016 


Oil 


009 


0-07 


0-07 


0-06 


006 


0-05 


005 


005 
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TABLE 7 FACTORS /, AND /, FOR DETERMINING CONFTOENCE LIMITS 

FOR VARIABILITY ( STANDARD DEVIAIION ) OF A MEASURED 

CHARACTERISTIC IN THE LOT , USING SAMPLE STANDARD 

DEVIATION ( CONFIDENCE COEFFICIENT 95 PERCENT ) 



( Clause 7.4.1 ) 



[ The lower and upper limits are given by f,s and /,s, where s is the sample standard 
deviation based on a sample of n items. ] 



Number of 
Items in the 

Sample 
n 


Value of 


Value of 
/. 


Number of 

Items in the 

Sample 

n 


Value OF 


Value OF 
/. 


2 


0-446 


31-91 


19 


0-756 


1-48 


3 


0-521 


6-28 


20 


0-760 


1-46 


4 


0-566 


3-73 


21 


0-765 


1-44 


S 


0-599 


2-87 


26 


0-784 


1-38 


6 


0-624 


2-45 


31 


0-799 


1-34 


7 


0-644 


2-20 


36 


0-811 


1-30 


8 


0-661 


204 


41 


0-821 


1-28 


9 


0-675 


1-92 


46 


0-829 


1-26 


10 


068S 


1-83 


51 


0-837 


1-24 


n 


0-699 


1-75 


61 


0-849 


1.22 


12 


0-708 


1-70 


71 


0-858 


1-20 


13 


0-717 


1-65 


81 


0-866 


118 


14 


0-725 


1-61 


91 


0-873 


117 


15 
1« 
17 


0-732 
0-739 
0-745 


1-58 
1-55 
1-52 


101 

For values , 
102 and ' ~ 
aiMve. use 
the appro- 


0879 

V-^. and 

y/2n 


116 


18 


0-750 


1-50 


ximate formula: 
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lie lower and upper I'mits are given by /,/? and fji, where R is the sample range 
based on a sample of n items. ] 

UMBER OF Items Value of Value of 

N THE Sample A A 
n 

2 0-315 22-3 

3 0-272 3-30 . 

4 0-251 1-68 

5 0-238 118 

6 0-229 0938 

7 0223 0-799 

8 0-217 0-709 

9 0-213 645 
10 0-209 0-597 
n 0-206 0-561 

12 0203 0-531 

13 0-201 0-506 

14 0198 0-486 

15 0-196 0-468 

16 0-195 0-453 

17 0-193 0-440 
It 0-191 0-428 

19 0-190 0-418 

20 0-189 0-408 
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